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Abstract 
Water distribution systems are prone to be contaminated. Following a contamination event, the contaminated section of the water 
distribution system should be identified, isolated and cleaned before it is returned to service. The regulatory agencies such as the 
ministry of health in Israel publishes procedures for the disinfection of water mains in which usually a short part of a single main 
is considered and no specific procedures are given for larger portions of the water system. This study presents an optimal 
operation plan for disinfection of water distribution systems taking into account the locations where the disinfectants should be 
injected into the network, their concentration, injection times, flow rate and drainage locations. The method is a GA-EPANET 
framework. It is demonstrated on a small real-world network section. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Intentional or unintentional water systems contamination events are relatively rare but occasionally they do occur 
and reported. For instance, in early January 2014 a chemical contamination of the Elk River in West Virginia left 
over 300,000 people without tap water for about five days (wikipedia.org/wiki/2014_Elk_River_chemical_spill). 
Once a contamination is located in a water distribution system, actions need to be undertaken for: (a) finding the 
contamination source; (b) stopping additional pollutants from entering the system; (c) isolating the contaminated 
section of the network, and (d) cleaning and disinfecting the entire system. In most cases, the system is cleaned 
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through mains flushing, but also through chemical treatment (e.g., the Elk River event in January 2014). 
Current regulations of the Israeli Minister of Health [1] describe the instances in which flushing and disinfection 
are required. Those include new system installation, network opening, change of use, contamination, mains 
maintenance, and prevention works. The regulations also denote a suit of cleaning and disinfection methods. The 
disinfection efficiency is defined by Ct, where C is the concentration of the disinfectant material, and t is the contact 
time of the disinfectant with the system components. All methods are subject to pH and temperature ranges. The 
minimum values of C and t are determined by the disinfection method that can be of continuous or plug flow. 
Regulations are defined for a single water main. No regulations exist for disinfecting portions of the water 
distribution system, nor is there a method for efficiently performing this task. To accomplish efficient and 
satisfactory disinfection of the water system in minimum time and/or through utilizing minimum disinfectant 
amounts, one needs to determine the locations in which the disinfectant should be injected, locations where water 
should be drained, and drainage flows. Constraints are posed on the number and locations of drainage locations, and 
on a minimum disinfectant concentration that should fill the entire system. Once the entire system is filled up with a 
required disinfectant concentration, drainage locations are closed, and the disinfectant resides in the system for a 
predefined duration, after which it is flashed out. This study is on optimizing drainage locations and flows for 
disinfecting the system at minimum time or minimum disinfectant dosage amounts.  
2. Methodology 
The methodology is a straightforward genetic algorithm (GA) [2][3] scheme linked with EPANET [4] where the 
objective function is either the minimization of the disinfection system filling time or the disinfection amount; the 
constraints are on the number of drainage locations and minimum disinfection concentration; and the decision 
variables are the drainage locations and drainage flows. Fig. 1 describes the main program interface. 
 
Fig. 1: Main program interface. 
3. Example application 
The example application layout is shown in Fig. 2. 
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Fig. 2: Example application layout 
Fig. 2 resembles a district metering area (DMA) which was contaminated and now needs to be disinfectant. The 
system is made of 31 pipes and 51 junctions. It is controlled by a constant head source at its inlet with a total head of 
65 (m). The disinfectant concentration spread requirement throughout the system is 50 (mg/L). 
4. Base run 
Fig. 3 shows six possible drainage locations, out of which two need to be selected, and three fixed locations at the 
far ends of the three tree portions of the system. The decisions are where to drain (two spots) and to what extent (i.e., 
five flow rates: three fixed drains and two additional). 
 
 
Fig. 3: Example application base run data 
Running the model with a population of 100 strings and 100 generations resulted in a total drainage flow rate of 
100.75 (m3/hr), where at the fixed locations the rates where: 31.5 (m3/hr) at node J62; 31.75 (m3/hr) at J18; and 
13.75 (m3/hr) at J7.  J40 was selected with a flow rate of 23 (m3/hr) and J46 with a negligible rate of 0.75 (m3/hr). 
The entire system reached an equalized concentration of 50 (mg/L) after 4.75 (hr). The disinfectant injection was 
imposed at the constant head source at a concentration of 50 (mg/L). 
Constant head 
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5. Sensitivity analysis 
Table 1 summarizes a set of sensitivity analyses runs of increasing the number of possible drainage locations 
considering the two objective functions of minimizing disinfection spreading time (Table 1) and minimizing 
disinfectant quantity (Table 2). Fig. 4 maps the results presented in Tables 1 and 2. 
In Table 1, BR = base run; SA1-d = sensitivity analysis 1 for minimizing the disinfection time. In Table 2, SA1-c 
= sensitivity analysis 1 for minimizing the disinfectant quantity. 
Table 1: Example application sensitivity analyses – minimization of disinfection time 
 
Table 2: Example application sensitivity analyses – minimization of disinfectant quantity 
 
It can be seen from Tables 1, 2, and Fig. 4 that: (1) the minimum disinfection time reduces as the number of 
drainage locations increases, and (2) the total minimum disinfectant amount generally reduces as the number of 
drainage locations increases, with exceptions for five and six possible drainage locations. This later behaviour needs 
to be further explored and to some extent it is associated with the GA optimization ability (i.e., thus far only a 
limited number of runs were conducted, more runs might further reduce the disinfection times and amounts). Fig. 4 
shows less required disinfection durations when minimizing disinfection times compared to the case when 
minimizing disinfection quantities; and likewise when minimizing the disinfection amounts. 
 
Run Number 
of 
drainage 
locations 
Disinfection 
time (hr) 
Total 
drainage 
flow rate 
(m3/hr) 
Total 
disinfectant 
amount 
(Kg) 
Drainage rates at fixed 
locations (m3/hr) 
Selected drainage location flow rates (m3/hr) 
J62 J7 J18 J33 J34 J39 J40 J41 J46 
SA1-d 1 14.67 75.0 55.0 31.75 12.50 29.50     1.25  
BR 2 4.75 100.75 23.9 31.50 13.75 31.75    23.0  0.75 
SA2-d 3 3.50 139.0 24.3 31.75 31.0 13.0 0.25   31.75  31.25 
SA3-d 4 3.33 155.75 25.9 31.50 25.50 17.50  0.25 25.25  31.5 24.25 
SA4-d 5 3.25 199.25 32.4 31.75 30.25 29.25 21.75  0.75 31.50 29.0 25.0 
SA5-d 6 3.17 220.25 34.9 31.75 22.25 20.75 27.25 0 31.75 30.25 31.25 25.0 
Run Number 
of 
drainage 
locations 
Disinfection 
time (hr) 
Total 
drainage 
flow rate 
(m3/hr) 
Total 
disinfectant 
amount 
(Kg) 
Drainage rates at fixed 
locations (m3/hr) 
Selected drainage location flow rates (m3/hr) 
J62 J7 J18 J33 J34 J39 J40 J41 J46 
SA1-c 1 16.2 33.75 27.34 30.5 1.0 1.25     1.0  
SA2-c 2 17.83 15.0 13.37 6.75 1.0 1.50    5.0  0.75 
SA3-c 3 8.50 32.0 13.60 15.75 2.0 1.75 1.50   8.50  2.50 
SA4-c 4 6.33 43.0 13.60 20.50 2.0 3.75 2.50 0.25  10.0  4.0 
SA5-c 5 4.75 61.0 14.50 31.0 2.50 4.0 2.75  0.50 16.0 0.75 3.50 
SA6-c 6 6.50 43.25 14.06 20.25 2.50 3.25 0 0 12.0 0.75 0.75 3.75 
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Fig. 4: Example network results 
6. Conclusions 
This study presented a GA model for drainage locations and flow rates decisions for optimizing disinfection 
actions in water distribution systems following a contamination event. Two objective functions were considered: 
minimizing disinfection time and minimizing disinfection amounts. A small illustrative example was analyzed for 
demonstrating the model capabilities. Results showed promising outcomes of using this approach for water 
distribution systems disinfection modeling. Further research is ongoing through multi-objective formulations, 
decisions on disinfectant injection locations, and more complex drainage operation actions. 
Acknowledgements 
This study was supported by the joint Israeli Office of the Chief Scientist (OCS) Ministry of Industry, Trade and 
Labor (MOITAL), and by the Germany Federal Ministry of Education and Research (BMBF), under project number 
GR_2443. 
References 
[1] Israeli Minister of Health regulation, available at health.gov.il/hozer/bz22_2013.pdf (In Hebrew) 
[2] Goldberg, D.E., Genetic Algorithms in Search, Optimization, and Machine Learning, Addison-Wesley, NewYork, 1989. 
[3] Holland, J.H., Adaptation in Natural and Artificial Systems, University of Michigan Press, Ann Arbor, 1975. 
[4] EPANET, A USEPA extended period simulation program of hydraulic and water-quality behavior within pressurized pipe networks. (2002) 
Available online at: www.epa.gov/ORD/NRMRL/wswrd/epanet.html 
 
Legend: 
